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Kinematical characteristics of the high-performance skier during diagonal stride technique
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[Abstract]

The purpose of this study was to clarify kinematical characteristics of elite skiers during diagonal
stride technique in cross-country skiing. Senior male cross-country skiers participated in a 15-km
classical race. Diagonal stride technique of each skier was videotaped at a 6-degree uphill section.
Subjects were classified into high- and low- performance groups according to its results. It was revealed
that the high-performance skiers (1) achieved a longer stride length, (2) had a longer ski gliding from
the ski takeoff to the next pole contact, (3) extended the elbow at an earlier point of time after the pole
contact, and (4) let the ski and the snow surface gripped quickly and then extended knee joint faster and

larger compared to the low performance skiers during the diagonal stride technique.
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Fig.1 Set-up for videotaping
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Fig.2 Definition of joint and pole angles
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Fig.3 Phase diagram of diagonal stride technique for high (upper figure) and low (lower figure) performance
group. There were significant differences between two groups.
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Tablel Shoulder, elbow, pole, hip, knee and ankle angle characteristics during uphill diagonal stride technique.

Variables HIGH LOW Variables HIGH LOW Variables HIGH LOW
Shoulder angle [deg.] Hip angle [deg.] Ankle angle [deg]
Pole plant -70+12  -70%5 End-gliding 112%5 112+4 End-gliding 120*5 1225
Pole lift-off 9*5 88 Minimum 118+8 1217 Minimum 888 89%5
Shoulder range of motion [deg.] End push-off 1807 177+6 End push-off 1426 1388
Extension(push-off) 79+9 78+9  Hiprange of motion [deg.] Ankle range of motion [deg.]
Shoulder anglar velocity [deg./s] Flexion(push-off) 6+9 9%7 Flexion(push-off) 32+6 33%5
Extension(push-off) 16724 161*17 Extension(push-off) 6310 56+9 Extension(push-off) 54%9 50+9
Elbow angle [deg.] Hip angular velocity [deg./s] Ankle angular velocity [deg./s]
Pole plant 100*+11 947 Flexion(push-off) 37+62 48+33 Flexion(push-off) 219%53 199*35
Minimum 95*12 86*13 Extension(push-off) 388+75 331%45 Extension(push-off) 33261 302%97
Start knee extension 132+16 112+20" Knee angle [deg]
Pole lift-off 16310 154*12 End-gliding 1575 1573
Elbow range of motion [deg.] Minimum 121+4 123%6
Flexion(push-off) 5%4 8%8 End push-off 158+6 153+4
Extension(push-off) 37+13  26%*20 Knee range of motion [deg.]
Elbow angular velocity [deg./s] Flexion(push-off) 36*8 34t5
Flexion(push-off) 5340  78%51 Extension(push-off) 376 30%5 *
Extension(push-off) 91+28 68+54 Knee angular velocity [deg./s]
Pole angle [deg.] Flexion(push-off) 24461 20437
Pole plant 78%3 78%3 Extension(push-off) 23051 181%47
Pole lift-off 34%3 35%2

HIGH, high-performance group: LOW, low-performance group. *: Significantly different to the HIGH.
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Fig.4 Typical right arm joint and right pole angle data during uphill diagonal stride technique. P: Poling phase;
SW: Swing phase; SAr: Shoulder angle right side; EAr: Elbow angle right side; PAr: Pole angle right side.
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Fig.5 Typical left leg joint angle data during uphill diagonal stride technique. G: Gride phase; POF: Push-off
flexion phase; POE: Push-off extension phase; HAl: Hip angle left side; KAl: Knee angle left side; AAl: Ankle
angle left side.
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